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§2. Density Control in LID Discharges 
Komori, A., Masuzaki, S., Morisaki, T., 
Suzuki, H., Tanaka, K. 
Density control is necessary to realize various 
divertor operational modes planned in LHD. 
Basically we have two divertor plasma operational 
scenarios. One is the low temperature, high 
density and high recycling divertor operation. The 
other is the high temperature, low density and low 
recycling divertor operation. LID has been 
proposed for such recycling, and so plasma 
control of LHD. The first experimental study to 
control the plasma density was done under various 
LID conditions on CHS. 
CHS was operated with a toroidal magnetic field 
B0 of 0.9 T and a magnetic axis position of 99.5 
em. The standard LID configuration is generated 
by adding a perturbation field DB (0) that is 
formed with 16 small coils located above and 
below CHS. The divertor head is at the 0-point of 
the min =1/1 island. With DB (0) on and at a fixed 
level of gas puffing, the averaged electron density 
ne decreases significantly to a factor of 1/2 ~ 1/3' . 
compared with that without f>B (0), when the 
leading edge of the divertor head is well inside the 
island. 
An important point is that the decrease in ne is 
also observed even if the divertor head is taken 
away, as shown in Fig.l. Here, DB (X) represents 
that the perturbation field is inversely added to 
generate the X-point at the divertor head position. 
It is clear that ne decreases with the perturbation 
field on, independently of the 0-point location, 
compared with ne without the perturbation field. 
Almost the same density is obtained ( 1) with the 
divertor head and DB (X) on, (2) without the 
divertor head and with f>B (0) on, and (3) without 
the divertor head and with DB (X) on. The lowest 
ne is observed (4) with the divertor head and 
f>B (0) on. The difference between ne' sin (1)~(3) 
and ( 4) is attributed to the existence of the divertor 
head at the 0-point, while the difference between 
ne's in (1)~ (3) and without the perturbation field 
is caused by the perturbation field. The reason 
why the perturbation field itself affects ne despite 
the weak perturbation field (DB (O)/B0 or 
f>B (X)/B0 "" 1.5 X tQ-3) is not clear at this stage, 
but can be estimated by the experimental results 
shown in Fig.2. Figure 2 depicts ne's obtained 
before and after the Ti gettering when the divertor 
head is not installed. The pumping ability of the 
wall is considered to be weak just before the Ti 
gettering. There is little difference between ne's 
with and without DB (0) before the Ti gettering, 
while a big difference is observed after the Ti 
gettering. This suggests that there are particles that 
feel the magnetic structure, but strike upon the wall 
and are pumped out, instead of reaching the 
divertor head, due to the large diffusion 
coefficient. 
In LHD, a majority of plasma flux flowing 
outwards will be guided to the divertor head 
without diffusing to the wall, because of its 
smaller diffusion coefficient and larger size. 
<:>E 
2 
() 
(') 
0 
::::.. 
<%> 
c 
0.1 
t (sec) 
Fig. 1 . Comparison of ne' s with and without the 
perturbation field and divertor head. 
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Fig. 2. Comparison of ne' s with and without the 
perturbation field, obtained before and 
after the Ti gettering. The divertor head is 
not installed. 
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